The cermet based on metallic iron with zirconia toughened alumina (ZTA) as the reinforcing phase was 15 prepared by vacuum hot-pressed sintering. The ZTA particles were subjected to electroless nickel 16 plating to improve the interfacial bonding ability of ZTA and Fe matrix. In this paper, after electroless 17 nickel plating, the effects of different particle sizes and different contents of ZTA particles on the 18 grinding properties of Fe-based ZTA (Fe-ZTA) cermets were investigated. The results show that the 19 ZTA particles are tightly bound to the Fe matrix. An interface layer is formed between the ZTA 20 particles and the Fe matrix and it can improve the grinding ability of the Fe-ZTA cermet. By reducing 21 the particle size and the content of ZTA particles, the friction coefficient between Fe-based ZTA 22 cermet and the machined surface can be increased, and the surface roughness of the machined surface 23 will reduce. When the ZTA particle size is F14 and the iron binder content is 40%, the friction 24 coefficient between the Fe-ZTA cermet and the steel rod is 0.4981, the surface roughness of steel bar is 25 40.164μm, the grinding ratio is 685.952.
Introduction 31
Due to the high hardness, high wear resistance and good fatigue performance, iron-based cermets 32 have attracted more and more attention in the field of tool manufacturing and high wear resistance tools 33 Page 1 of 16 AUTHOR SUBMITTED MANUSCRIPT -MRX-120008.R2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t in recent years [1] [2] [3] .The current research focus on how to use the reinforcement phase to improve the 34 hardness and wear resistance of Fe-based cermets [3] . Celina Ziejewska et al. [4] found that the 35 interface between the reinforcing phase and the matrix and the content of the reinforcing phase have an 36 important influence on the grinding performance of the cermet. Therefore, a suitable reinforcement 37 phase is the key to make cermets.
38
As a ceramic reinforcing phase, ZTA has been widely used in the field of making cermets. It was 39 found in the study that the toughness of ZTA is greater than12MPa m 1/2 , which is several times than 40 pure Al2O3 ceramics [5, 6] .The ZrO2 contained in ZTA undergoes a phase transition of t-ZrO2→m-ZrO2 41 when subjected to stress, and compressive stress is generated at the crack tip during phase 42 transformation, so that the crack closes under the tensile loading [7, 8] . Moreover, the coefficient of 43 thermal expansion (CTE) of ZTA is closer to the iron matrix [9] . Therefore, ZTA is a good candidate 44 for the preparation of cermets with high mechanical properties [10] . It is worth noting that the interface 45 bonding ability between ceramic materials and metals is weak. The wetting behavior of ceramics on 46 metal substrates is one of the key factors that determining the properties of cermet. Some studies have 47 found that the contact angles of Fe/Al2O3 and Fe/ZrO2 reach 140° and 116 °, respectively [11, 12] .This 48 shows that the interface bonding ability between Fe and the two ceramic materials is very poor.
49
Therefore, it is necessary to modify ZTA particles by metal coating [13] .
50
Electroless plating is widely used as a surface metal coating treatment method in the manufacture 51 of cermets [13] [14] [15] [16] .The metal coating on the ceramic surface is mutually soluble or reacted with the 52 matrix metal to obtain a mechanical bonding interface or a reaction bonding interface to achieve a 53 wetting effect. Ru J et al. [ 
60
In this paper, Fe-ZTA cermet materials were prepared by vacuum hot-pressed sintering, and 61 electroless nickel plating can improve the bonding ability of ZTA and Fe matrix. The effects of 62 electroless nickel-plated ZTA particles, different iron binders and different particle sizes of ZTA on the 63 mechanical properties of Fe-ZTA cermets were investigated. The grinding mechanism of Fe-ZTA 64 cermet was discussed based on the grinding test of Fe-ZTA cermet.
65

Materials and methods 66
Material preparation 67
In this paper, six kinds of iron-based ZTA ceramics with different binder contents and different 68 ZTA particle sizes were prepared. ZTA has a particle size of 2.00 mm (F10, "F" for fixing abrasives for 69 abrasives. "10" for mesh number), 1.40 mm (F14), and 1.18 mm (F16), divided into nickel-plated and 70 non-nickel-plated ZTA. The iron binder is a mixture of iron, cobalt, copper and stannum (75%Fe、 71 10%Co、10Cu、5%Sn). The iron-based ZTA cermet substrate is reinforced by FeS2, Na3AlF6, TiH2, 72 CaCO3, Cr, La, graphite, WC, etc. The specific parameters are shown in Table 1 .
73
To prevent the metal powder from being oxidized during the ball milling process, the ball milling 74 process used herein is wet ball milling, ZTA particles, iron binder and other materials were added to a 75 ball mill jar and ball milled on a planetary ball mill (WL-1) at a rate of 200 r/min for 2h. The ball 76 Page 2 of 16 AUTHOR SUBMITTED MANUSCRIPT -MRX-120008.R2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t milling medium was t-butanol. The ball to powder ratio is 1:2. After ball milling, the slurry was then taken out and placed in a freeze dryer (FD-A-50) for freeze drying for 24 hours. Then, the raw material 78 was placed in a Φ55 mm graphite mold for vacuum hot-pressed sintering (VHP-HAS-25). The steps to 79 prepare the specimens are as follows: The graphite mold was placed on the graphite substrate, then a 80 graphite heel block was placed in the graphite mold, after that the powder was put and the spacer was 81 separated by graphite paper, finally then it was placed in another graphite heel block. After the sintering 82 was completed, the specimens could be taken out after demolding, so the graphite mold would not be 83 crushed. The tolerance for graphite punch is 55 mm and the tolerance for die is inner diameter of 55 84 mm and an outer diameter of 120 mm.
85
The sintering temperature is 1000 ° C, the sintering pressure is 12 MPa and the holding time is 86 120 min. The sintering temperature is 1000 °C because the melting point of iron is 1538 ℃, and other 87 elements added in the collective such as Co, Cu will lower the melting point (Tm) of the composite 88 powder. The sintering temperature of the composite powder is usually between 0.7 -0.8 Tm, based on 89 the results of pre-experiment so the sintering temperature was set at 1000 °C. The sintering pressure is 90 12 MPa, which not only ensures the compactness of the composite, but also ensures that this pressure 91 will not damage the graphite mold. The holding time of 120min ensures that some liquid phase exists 92 in the sintering process to promote densification. Excessive holding time will lead to coarse grain and 93 affect the mechanical properties of the material. After the specimen is cooled to room temperature, it is 94 taken out for grinding test.
95
After pressing, the density of the Fe-ZTA cermet was 1.85g/cm 3 and the size was Φ55*10 mm.
96
The cermet is very stable and has almost no change in density and size before and after sintering. Since 97 the particle size of the metal powder used in the preparation of the cermet and the ZTA particle size are 98 different, the particle size of the ZTA does not change during the sintering process, and the ZTA will 99 emboss on the surface of the composite material to form a specimen of the raisin cake type, but in 100 general, the ZTA will disperse evenly inside the specimen. Therefore, the composite material is also 101 dense and uniform. The specimen processing flow is shown in Figure 1 . 
Characterization of the Fe-ZTA cermets 113
The microstructure of Fe-ZTA cermet was examined and analyzed by scanning electron 114 microscopy (SEM, Hitachi S-4800) equipped with energy dispersive spectroscopy (EDS) and X-ray 115 diffractometry (XRD, X. Pert Pro-MPD).The hardness of the composite was tested by digital 116 microhardness tester (HVS-30).The friction coefficient of the surface between Fe-ZTA/steel bar 117 interface and the surface roughness of steel bar were tested by self-made equipment. The grinding ratio 118 of several cermets to steel bars was tested to characterize the grinding ability of Fe-ZTA cermets. The
119
Fe-ZTA cermet is fixed on the rotor at a speed of 600 r/min and a grinding pressure of 500 N. The 120 chemical composition of the steel bar is shown in Table 2 .After the grinding was completed, the surface 121 wear morphology of the worn steel bar was analyzed by SEM and the grinding ratio of Fe-ZTA cermet 122 was calculated. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 
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3.Rsults and Discussion
137
The EDS spectrum results confirmed that ZTA was covered by the Ni layer at two points of 4 and 6.
138
The nickel content at point 5 is almost zero, and the elemental contents of Al and Zr are consistent with 139 points 1-3, so the Ni layer is broken at point 5. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
As six cermets were prepared by the same process, only the content and particle size of ZTA 152 particles were changed, so the microstructure of the six Fe-ZTA cermets is the same. The 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 191 Several different phases as described in Figure 3 can be seen in Figure 5 (a). Figure 5 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure 7 (a) reflects the volatility of the friction coefficient. The smoother the 223 friction coefficient curve, the better the grinding performance of this cermet. When the ZTA particle 224 size is reduced, the friction coefficient curve is smooth, so that long-lasting effective grinding can be 225 performed during the grinding process. The results of the friction coefficient between the six Fe-ZTA 226 cermets and the steel rod are shown in Figure 7(b) . Comparing the specimens of F10-1, F10-2 and 227 F10-3, F10-4 respectively, it can be found that the friction coefficient between the Fe-ZTA cermet and 228 the steel rod reduced as the content of the binder increases. This is because when the content of the iron 229 binder increases, the coating effect of the iron binder on ZTA increases, and the contact area between 230 the ZTA and the surface of the steel rod is reduced, so the friction coefficient reduced. Comparing the 231 F10-4, F14-4 and F10-3, F14+16-1 specimens, it can be found that when the particle size of the ZTA 232 particles reduced, the friction coefficient of the friction pair increased, because the low-diameter ZTA 233 particles can be more uniformly dispersed in the matrix, the contact area of ZTA to the matrix can be 234 increased during grinding process, so the friction coefficient increased. Theoretically, the friction 235 coefficient of Fe-ZTA cermets produced after electroless nickel plating should be higher [25] . However, 236 the comparison of F10-1, F10-3 and F10-2, F10-4 specimens did not give a similar trend. Therefore,
237
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240
Comparing the specimens of F10-1, F10-2, F10-3 and F10-4 respectively, it can be found that the 241 surface roughness of the polished steel bar decreases with the increase of the iron binder content. The 242 reason is that the increase of the iron binder content makes ZTA not easy to be exposed to the surface 243 of the cermet, causing sliding friction between the steel rod and the metal substrate, which generates a 244 large amount of heat to cause the surface burn of the steel rod (Figure 6(a) ).Comparing the F10-1, 245 F10-3, F14+16-1 and F10-2, F10-4, F14-4 specimens, respectively, it was found that when the ZTA 246 particle size is reduced, more ZTA particles can protrude from the cermet surface. Therefore, effective 247 grinding can be produced to obtain a low surface roughness of the steel bar. Comparing the F10-1, 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure 8(a) is an initial state.
268
As shown in Figure 8(b) , when grinding with F10-3 specimens, since the F10-3 specimen is made of 269 electroless nickel-plated ZTA particles, ZTA is strongly bonded to the metal matrix during the grinding 270 process and not easily peeled off from the iron matrix. As the grinding process proceeds, the ZTA 271 particles are gradually broken. Finally, the protruding ZTA particles gradually wear to be parallel to the 272 substrate. As the grinding process proceeds, the new ZTA abrasive grains are exposed to the surface of 273 Fe-ZTA cermet. In Figure 8 Figure 8 (d)-(e).Use larger particle size ZTA particles, the ZTA particles protruding from the 284 cermet surface will not be on the same level (Figure 8(d) ). During the grinding process, the prominent 285 ZTA particles are in contact with the surface of the steel rod and gradually wear and consume until it is 286 parallel with other ZTA particles. This method of grinding has two disadvantages:(1) The initial ZTA 287 particles will produce a deeper grinding groove during the grinding process, and the grinding groove is 288 difficult to be covered during the subsequent grinding process, resulting in a decrease of the surface 289 roughness;(2) Within the same time, this grinding method is inefficient, resulting in a lower grinding 290 ratio of the Fe-ZTA cermet. When using F14 ZTA particles, the schematic diagrams are shown in 291 Figure 8(f)-(g). Due to the small particle size of ZTA, it can be evenly distributed on the surface of 292 cermets. Therefore, each ZTA particle is in contact with the surface of the steel bar at the same time 293 during the grinding process, so the surface roughness of the machined surface decreased. The amount 294 of grinding of the steel bar is increased, and the grinding ratio of the produced cermet is increased.
295
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Hardness of the Fe-ZTA cermet 301
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